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Time-domain electromagnetic coupling curves for three
layers may he sketched by computing early - and late - time
asymptotes. The early-time asymptote is computed from the
2Fourier cosine transform of the magnetotelluric Q function 
using polygonal-approximation method. The late-time asymp­
totes for vertical magnetic field (B̂ ), radial magnetic 
field (B̂ ), and tangential electric field (Eg) and Z (Eg/B^) 
are computed using theoretically-derived limit formulas. By 
combining these early - and late - time asymptotes, master 
curves for interpretation of three-layer time-domain elec­
tromagnetic data may be developed. These formulas and 
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Electromagnetic prospecting methods in geophysics result 
from the measurement of alternating electric"or magnetic 
fields in either the frequency or time-domain. Because of a 
complicated theory, electromagnetic methods are used less 
than the more popular and better understood direct-current 
methods. There is a need for a greater understanding of 
electromagnetic theory so that the field application may 
reach its full potential.
The earliest publication of an electromagnetic method
for earth measurements seems to be found in a 1908 issue of
Popular Mechanics. The short description of the electronic
ore finder was:
One of the latest ore-prospecting devices 
placed before the public is an electrical 
instrument, which, according to its inventor, 
mil locate free metals at almost any depth, 
map out the course and width of the vein and 
ascertain its exact position below the sur­
face.
The metal box to the right of the illustra­
tion contains apparatus for projecting in a 
straight line a powerful flux, or, more 
clearly, a field of inductive electricity, 
somewhat similar to the wave flux employed 
in ordinary wireless telegraphy. It is 
claimed that this flux will penetrate through
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any but metallic substances. When the flux 
strikes upon a vein of free metal ore the 
wave is impeded and a humming noise in the 
telephone receiver attachment announces the 
find. By passing the small case over the 
surface of the ground the extent of the ore 
body can be ascertained, the indication of 
the presence of ore ceasing when the edge 
of the vein is reached. (Popular Mechanics,
1908, p. 33-34)
A German patent issued in 1913 is the next record of an 
electromagnetic system used in geophysics. A loop transmitter 
and coil receiver were used. Around 1920 in Sweden, electro­
magnetic methods were used to search for ore bodies. With the 
discovery of many ore bodies, the use of electromagnetics was 
expanded to the layered earth problem. By the early 1930's, 
an Eltran system, a dipole-dipole geometry, was applied to oil 
exploration in sedimentary basins. However, when the theory 
for this system was finally considered in the 1930's, it was 
found that the resolution was too poor to identify individual 
layers and the method fell into disrepute (Vanyan, 1967, p. 9)- 
Electromagnetic prospecting in the United States has had a 
very slow development because of this. But in the U.S.8.P., 
much more study of electromagnetic methods has been done. The 
theory was considered as early as 1926. However, neither the 
U.S. nor the U.S.S.P. has published many papers on methods of 
interpretation.
Because of ease in field instrumentation and recording 
techniques as well as advancement in theoretical presentation 
and interpretation, frequency-domain electromagnetic methods 
are more commonly used than time-domain methods. However,
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time-domain methods have the advantage of giving information 
from a greater depth, if this information can be understood. 
This capability for depth results from a sampling of a wide 
spectrum of frequencies instead of just a few frequencies as 
in the frequency method.
The problem of interpreting these transient curves for a 
layered earth remains. It is hoped that the three-layer 
curves developed here will aid in the interpretation of time- 
domain electromagnetic data.
There are two basic approaches to the problem of time- 
domain curve construction. One would be a direct Fourier 
cosine transform of existing or newly completed frequency- 
domain curves. This method was employed by Silva (1969) for 
the loop-wire two-layer problem. Another method of curve 
development would be to start with the most basic theory. 
Maxwell's equations, and derive theoretical equations in the 
time-domain. This seems to be a most difficult route. An 
intermediate method was applied for the three-layer curves 
to be presented here. The early - and late - time asymptotes 
were computed; the full-range time-domain curves may be inter­
polated between these asymptotes. The early-time asymptotes
were computed by a direct Fourier cosine transformation of the
2magnetotelluric Q function. The late-time asymptotes were
calculated from time-domain formulas for vertical magnetic;
field (Bg), radial magnetic field (B^), tangential electric 
field (Eg) and ZQEg/B̂ ') developed by Isaev, Kaufman, and
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Rabinovich (1971).
2The magnetotelluric Q function is the result of measure­
ment of natural electromagnetic fields in the earth. For field 
work, the electric and magnetic fields are measured. Apparent
presistivity is defined as 1 (F)^ where ^  ̂  is magnetic
(H)
permeability, cD_ is frequenSy in radians, E is electric field,
2and H is magnetic field. The magnetotelluric Q function is 
then defined as JP j  where ̂  a is apparent- resistivity and 
^ 1 is the resistivity of the first layer (Keller, 1971, p. 
107).
Because a step-current source is most practical for field 
use, and because most theoretical curves for the time-domain 
are step-response curves, the three-layer asymptotic curves 




netic curve may be divided into 
three parts: early, middle, and 
late time. The approach to this 
construction of three layers in 
time-domain will be a calcula­
tion of the early - and late - 
time asymptotes. First it will 
be shown that the early time
Figure 1 - Sample time-domain 
curve
asymptote for B̂ , B̂ , and Eg is simply the magnetotelluric Q
function expressed in the time domain. Calculation of the
2frequency domain Q function and of the Fourier cosine trans-
2form method used to find the time-domain Q function will 
first be presented. Then a discussion of the development of 
the late-time asymptotic formulas for B̂ , B̂ , and Eg will be 
included. A vertical dipole magnetic source, or loop source, 
will be assumed. A step response, not an impulsive one, will 
be considered.
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2Magnetotelluric Q Function in the
 Frequency Domain________
The basis for all electromagnetic theory is Maxwell's 
equations :
V  X H = c r E + ^ ^  à E
/ j
V  X "E = -/y à H
—  ̂ -1div B = 0 or B = V x A ,  and
div E - 0
where
H is the magnetic field vector, 
is conductivity,
E is the electric field vector,
•€ is permittivity,
// is magnetic permeability, 
t is time, and.
B is the magnetic induction field vector (=yCiH).
The assumptions for solutions of these equations for the 
layered earth problem are:
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1. The zeroeth layer (or 
air) will not he considered.
2. Displacement currents 
will be considered small enough to 
be ignored.
3.yx. will be the 
constant 4 t/x 10"^ for all media.
4. The steady-state 
harmonic case will be considered. 
That is, the electric and magnetic 
fields will vary in time as e”^^.
5. Cylindrical symmetry 
is assumed.
Figure 2 The Three-Layer 
Earth Problem
The solution for Maxwell’s equation commonly found in the
literature conditions is A = M/To 
® Zirk m Jq (mr ) dm+ n1
(Keller, 1968, p. 121; Pritchard, 1971 p. 28; Wait, 1970, 
p. 8-65; Keller and Prischknect, 1966, p. 55̂ , Vanyan, 1967, 
p. 127-142, Keller, 1971, p. Ill, Ward in SEG, 1967, p. 96-107).
The vertical derivative of is also needed to express 
the electric and magnetic fields.
5 ^
=  - Jq (mr ) dm.
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These fields now may be defined from this vector poten­
tial and it’s derivative.
- iw è- A = - M jUo ia) J I m Jq (mr) dm
ar a r  jf n^ + n^
o ^RC?o
r ar a ̂  2 TT r ^ r ̂  jr J
)  ̂ RJq (mr) dm >
c?o





E^ is the tangential component of the electrical field
is the vertical component of the magnetic field
B^ is the radial component of the magnetic field
i is 4-1
is frequency in radians
r and z are the cylindrical coordinates
M is magnetic moment of source (area x number of turns 
X current)
is 4/rx 10 H/M
m is the separation constant
= (m̂  + ^^^)^ where ^  = - i w
is resistivity of the i^^ layer
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is the Bessel function of the first kind of order zero
From these field equations, it will now he shown that
apparent resistivity may be expressed as the magnetotelluric 
2Q function multiplied by a constant.
The expressions for both and B contain oo H Z
r
m J (mr) dm.
g
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Let us now assume small, values for m. Although difficult 
to show mathematically, it may be shown analytically that m 
may be considered as the reciprocal of r (Keller, 1967, p. 199)
■s « --- 31iIq + ^  m + y
lim R -7^ where the three-layer
m-̂ - o n





Keller, 1967, p. 159).__ ______ m_____  may be expanded in a
m ^1 /Ro
.v 2. ^ 2.power series as m Ro - m Ro + Because m is small,
T f  ^ i 2
the higher order terms will not be included.
00fThe expression for B contains I <
Y ( ^0 n + n,0 V o 1
Ro
(mr)j dm.
For small m, the object function may be expressed in a 
power series as before:
k  m . m Eo +
i S o  * ~  y
T-1427 11
The following Bessel identities must now he applied to 




(mr) dm = 0 y n = 1,2,...
m^^ J (mr) dm = 1 -n = 0,1,2,...
 ̂ 2n +1 )r
The following are apparent resistivity formulas derived 
from the homogeneous (or uniform) earth case by evaluating 
Eg, B^, and B^ for R = l.Oo
a = 0 Sa =
-2 IT i cJr̂ B̂
: W  ' •’ andjoa = 4 if iwr^ B^^
The Eg component is now;
Eg M Q 2
2 7f  ̂r
Recalling:
= M/^oio)/-3 Eo \ 1
2 ^  I
y  1 one sees that E„ = ■ x
J^l ® 27T
±u>5 7/’ 1 .
iu3 o r
Therefore, pa = {
J 3M \ 2TTr
^  2
E l P l
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Similarily the B component is:
2̂) -,-7 .o 3
o o 9 
?
2
Again, for this case, Pa = ®o 1
2The expression for 0̂  ̂contains a term:




The R^ function is generally known as the magnetotelluric
PQ function (Keller, 1971, P- 107) In magnetotelluric soundings 
2j3 ̂   ̂ Q . This is the same type of relationship as above.
2Figure 3 is a computer plot of Q (w) for the three-layer
i
case J) ̂ ^1  ̂0.0, h^y^ = 1.0, and J) 2 ^   ̂varies. These curves 













THREE-L AYER CURVES ( H2/H1--K 0 )XR3/R1-Q. 0 1
Figure $ - Three-Layer Frequency Domain Curves
P The family of frequency-domain magnetotelluric 
Q curves for Hp/H. = 1.0 and for ~ 0*0 is
now ready to he Fourier cosine transformed. The 
ratio is varied from .01 to 100. for this 
grapn, H. is the thickness of the ith layer, R. 
or  ̂is the resistivity of the ith layer,
is apparent resistivity, and6) is the frequency in 
radians.
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found in Ynngal (1961). Therefore, the calculated curves 
were considered accurate and Fourier cosine transformed.
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Fourier Cosine Transform Method 
2Now that the Q function has been calculated in the 
frequency-domain, it must be transformed to the time-domain. 
Because there is more curvature in the high frequency seg­
ment of the graph, a Fourier transform method using equally 
spaced samples would be inefficient. A polygonal approx­
imation method described by Papouiis (1962, p. 56-59) seems
2most suitable for this problem. The Q function may be 
expressed as;
= R̂ (u3) + (1)




1_ \ r Ë  (tp) + f (2)2iT J L e ^ o
— co
2 2 ?Q (t) may be expressed as Q even (t) + Q odd (t).
2For realizable functions such as Q (t), the function may
P 2be expressed as 2Q even (t) or 2Q odd (t). Equating the
‘ : 
even parts of the time function and integral, we see;
T-1427 16





or (t) = IT
R (co) cos Ok dt. Therefore.
R̂ (ùo) cos Oit dt. This is the basic
equation which will be used for the inverse cosine transform.
The polygonal approximation method of expressing this equation
pwill be used for computer evaluation. Let us call Q (t), f (t)
r
t /  (t) = = _ 2_
IT J R^ (o>) sin cot do and
oo
f"(t) = - I-7r R^" (w) cos a)t dcO
T-1427 17
u)CO
Figure 4 The 




Here, we see that R” (w) may he expressed as a set of 
impulses :
R_ — R r Rg — R-, R-, — R r
' Wl - u)'o ^ " w 2 -W i " à
+ ^ 2 _ 1 ^  - C (w -60 ■) + h - l l i  _ f x L f s  ( ( _̂ OJ )
W ̂  -W 2 W2 -^1 C/  ̂ 6t)4-_t03 -6^2 ^
"h-Z-ll ^ (W-60P .
63 4- —6i 5
Rearranging this expression we see that:
R" (̂ ) = —  — - i (̂ - ) / +6Jl -^o ° ^
C2 -toî r<̂
^3 ~ ^2 
63 5 -6) 2
(63- A) 2 ) ^
h  h  I J  -j A  -'i)
63 4 -6/ 5
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Therefore, f (t) = —  ^1 (cosiO^ t - cos60, t) +
" W i _ W o
_2_ ^2 (cos t - cos (Op t)-f-
Tf &2 -W1
The general form for this equation is :
2  R - ” . T
f (t) = ^  è   »   (cosdj.t - COS 63 . .-it)
^  i = O ^i ^ 1 _<Ji
for t> 0. L' Hospital's rule for 0/0 may he applied to 
determine f (0 ) =
H
n  (h + 1  - ('"i + 1  - % ) •
TT i = o
Ror ease in interpretation, t will he replaced hy ^ .
pWhen using the Q (t) curves for early-time asymptotes, the 
horizontal axis is log T where
IP y 9 ‘
T-1427 20
T 27rr
t for B , and
Z  -
p
27rrTT t for Eg .
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The Late-Time Asymptotic Formulas
The development for the late-time asymptotic formulas 
will follow closely the articles by Kaufman (1970) and Isaev 










(m, n^) (mr) dm + I F (m, n^) (mr) dm
r̂ o
m is considered small. Because m_ is small, but not zero, o o ’
F (m, n^) may be expanded in a power series for the second 
integral.
cO aO
F (m, n. ) J (mr) dm = a X , 2n





The result of this part of the integration is a series
of impulses in the time-domain and therefore contributes
nothing to the late-time transient.
The potential may now be written as,:
oo
n__
-mzJ F (m) e J (m)/dm . 
o
F (m) may be expanded as an exponential series and the
exponentials may also be expanded in a power series. Theoo ,
term e (m) may be expanded as f^ m . From
k = o
these power series approximations, a frequency-domain 
expression may be written for which depends upon the layer
thicknesses and resistivities. This form of A^ will then be
Fourier transformed into the time-domain.i
The above development has so far followed the work of 
Kaufman. Isaev and his colleagues approach the problem in a 
very similar manner. The frequency-domain potential is 
written as : ^
~ J m + f (m̂ , m^, ..., m^ ) ô ^
where m^ = (m^ - X and (mr) is a Bessel function of the
second kind and zero order. As in the Kaufman paper, Isaev, et/CO
al, divide the integral into \ j where m^ is small.
0 /Da
Again, the contributes nothing to the transient. Isaev
-//Mo
then writes the potential as :
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oo
(y>) = J D (mr) dm. D is the object function 
o
expanded in a Maclauren power series in m:
mn
a + bm
Only the lower-power terms of m were retained since m 
is small. The a and b are coefficients which depend upon 
the layer thicknesses and resistivities and the frequency.
The four - and three - layer cases will be very important for 
the development of three-layer asymptotic curves. For four 
layer :
a = 3 . S  \ 1 - | v ) , s | + y p S f  + sf + 3(Sp + S,) ̂ ^ 1 2 ^2 3 1 2 33 SS^ —
J




[ y  1 s| + p 2 Sj + + 3  (8g + Sj) (S Sj)J
1 - |̂ 2S - +yg) Sj +7]^ (Sg +
2 (1 - 2 b4^ )  or ^  28 - 8  ̂+ (7  ̂+y^)
T-1427
^ ̂ = thickness of layer
S J^i = resistivity of layer
For the three-layer case: \
a = A . S  (7l + h  38g S) /
E^ ) 3sny ' J
J
h , I (1 - 1 B ) or aj = ^  ( 7^ s| + + 3Sg S)1
and
= 2 K  - '^ (2S - St +Yi ®2) / = 2(1 - ^ B ) or
3v̂
— ^ (28 — ^ 1b, =
The potential integral may now be written in the form
CO
b = \ 1 Jq (mr) dm = If V  (gr) - (gr)^
where g = a/̂ . The (gr) is the Struves' function
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oo
^  (-1)% (gr)2n + ^
n = o c ]and contributes
[ Ü n  . V « 7  '
nothing to the transient when Fourier transformed. Only the 
(gr) or Neumann's function where
^  <pCD
P  (gr) = _2_ i (In S| + C) &T)2 -
TT ( n = o
^  K)
(nl)i (g,)2n ^  1
n = 1 (nl )̂  2 m - 1^ ̂ contributes to the late-time
response. This expression for the potential is now 
substituted into the expression
oo/
Imaginary (A (oj)) cos 6ot dcO
60J
0
which is the Fourier cosine transforin- for the-eirep-ne-spronse.
(t) = - fl - ^Mo ^1 h  (2 b . - a. )~7
16 7Tt5 L  t J)
E (t) = ° 5 ' [l - ®1 h  (2 b . - a. ) / and32 TT y  t  ̂ ^
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Z (t) = -|l2. = -9 = s
r r
, y  o ®1 h  /I b. - 1 a.) 7 
1  1  <-2 3 ^
Kaufman gives only the two-layer late-time expressions.
He retains the first four terms in the series approximation 
and then expresses as:
B, (t) S h, (s _ 1, .
L \flO t 8 ?
. 3/2 5/2 1/2 y  <77 ; (-17 s + 8 8 + 98 ) +
35 t5/2
(/t (7) ) (5 g3 _ + 208 - 6 ) /
48 J
Here 8 is not longitudinal conductance but ^/(TX .
To compare this expression with Isaev’s, et al, expression, 
an assumption must he made. Although it is not stated directly 
in Isaev's paper, a perfectly resistive basement is assumed. 
With this assumption.
8 = 0, Now (t) bi^) (-6 ) =
48 t^




In Isaev's paper, et al,  ̂ 1  ̂^1 dp The B,
expressions from the two papers are now: B^ ^Kaufman
M/C (t)i8aev = “ ] 1 - 5/<o h  h
16 r r t ^  16 i r  t3
(2 h^ - â )
For the t  ̂terms, B^ (Kaufman) = 1/2 B^ (Isaev, et al). Isaev
carries the series approximation one term farther than Kaufman
-4and includes a t term.
For computer compilation of the late-time asymptotes,
Isaev's, et al, formulas were used. For the resistive third
layer cases, the three-layer a and b were used. For the
 ̂1.0 and^3^Q_ = 0.0 cases, the four-layer a and b
terms were computed. The thickness of the third layer was 




Figure 5 lists the minimum values for the term
where the asymptotic values and numerical2 t
h1 V yov o
integration values did not exceed
=
Here 1 + 1 and
0.125 0.23 0.3 2 4 8
1 120 95 75 50 40 33
2 210 14-3 100 70 50 4-3
4 370 270 200 110 80 60
6 350 400 280 130 120 115
Table - Figure 3
(From Is aev, Kaufman, and Rabinovich, 1971, p. 122)
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THE SHAPE OF THE CURVES
P PFrequency-domain Q (cb), time-domain Q (t), and late­
time asymptotic functions for B̂ , Eg, and z ̂ Eg/B^'^ere
calculated for the following three-layer resistivity-depth 
combinations :
f  3/j>̂  = 1.0, 0.0, cO ;
2 M  = 1.0, 1.5, 2.0, 3.0, 5.0, 10.0, 20.0, 50.0 ,
100.0 , .6657, .5, .2 , .1 , .05, .0 2, .0 1;
= 1.0, 2.0, 5.0, 10.0, 0.1, 0.2, and 0.5.
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The Early-Time Asymptotes
pThe discussion of the Q (t) function as an early-time 
asymptote will be divided into three parts: curves for
JP3/ÿl = 0.0 (conductive basement), curves f o r 3 / ^ 1  = 1.0 , 
and curves forJ>3/Ĵ l = OO (resistive basement).
Both the impulse and step responses were computed for 
each layer sequence but only the step response was graphed.
An impulse source is very difficult to create in the field 
and is, therefore, rarely used. Also, the impulse response 
contained numerous negative lobes and zero crossings which 
are impossible to graph on a logarithmic scale. The step 
response seems more useful and graphs on a logarithmic 
scale more easily (see Figure 6 ).
In the computer program for the polygonal approximation 
of the Fourier cosine transform, a logarithmic sampling 
interval of was used. A frequency range of 10~^ to 
10^ was transformed into a time range of 10""̂ to 10 .̂
Truncation and sampling caused the major problems in the 
transormation. Because of these digital processing proceedures, 
there was a ripple in the time-domain curves. This ripple was
particularily noticeable in the late-time segment, but since
o 'Q (t) is an early-time asymptote, the late-time portion is
T-1427 31
Figure 6 - Computer output of impulse 
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not important.
S ^/^1 = 0.0 Curves
Two types of plots were compiled for theJ^^^j set of 
curves. First, was held constant and b^yh^ was varied.
Then, b^yh^ was held constant and^^, was varied.
For the b^yh^ = 0.1 set of curves, there is little
difference in the shape a s i s  varied. This means that 
if the second-layer thickness is 1/10 of the first-layer 
thickness, the second-layer will not be seen and these three- 
layer curves will reduce to two-layer curves with a conductive 
bottom layer. As the second-layer thickness increases to 1/2 of 
the first-layer thickness, the more conductive second-layer 
curves diverge from the two-layer case. However, not until 
^2/^1  ̂2.0, do the resistive second-layer curves diverge.
(See Figures 7a and 7b)
A complete set o f ~ 0.0 curves may be found in the 
Appendix. For these curves was held constant and
^2/^1 varied.
S^CP 1 1-0 Curves
For b-2yh^ very small, these curves approach the uniform
earth curve, that is, a spike at zero time. As before, the 
conductive layers are more easily seen. Figure 8 shows a 
sample of this family of curves for b^yh^ = 1.0 and i
varying.
s.o
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3/ÿ 2 = 06 Curves
Figure 9 is an example family of curves for and
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The Late-Time Asymptotes
Figures 10 and 11 show examples of the late-time 
asymptotes for -0° and = 1.0. For these curves,
h^/hf was held constant axidĵ ẑ  ̂was varied. The appendix 
contains the asymptotes for the ^ , = 0.0. Figure 12 shows 
an example computer output which lists the late-time asymptotes 
for B̂ , Eg, and Z. It should he remembered here that only
for the resistive basement case, was the three-layer formula 
used. For the = 1.0 and^^J^^/ = 0.0 curve sets, the
four-layer case with a very thick third-layer had to be 
computed. Because the third-layer thickness is so great, the 
second and first-layer approached a one-layer case. Therefore, 
there is only one asymptote shown for = 1.0 and
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Figure 12 (continued)"
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SUmARY M D  EXAKPIÆ INTERPEETATION CURVE
A real example might best summarize the early - and 
late-time asymptotes in a total time-domain electromagnetic 
coupling curve. Consider the field for the following
parameters :
f  1 = 1.0 —m
f  2 = 0.5 —m
f  5 =0.0 —m
/«o =
h^ = 1000.m 
h^ = 1000.m
h^ = 10 X h^ for computer purposes
{ 10  ̂H/m
M = I X A = 10 amps x 10^ m^ = lO^amp-m^
r = 10^ m
The late-time and early-time asymptotes must be made 
compatible to be sketched together. Let us look at the early-
p  ^time asymptote • ^ 1
j* a " ®zf 1 “ i
B = 2îîâh 1.5 X 10"^
 ̂ 2 TTr̂
pWhile the early-time asym̂ ptote is a function of Q (t)
or jCĝ /jDpî the late-time asymptote is the actual component with
which we are concerned, B̂ . The B function, when multiplied
T-1427
by the appropriate apparent resistivity factor, equals the
value interest. In this particular resistivity - depth
combination case, the multiplying term is 1.5 x 10” .̂
9M__
Generally, for B^ coupling curves, the term must be
evaluated. Similarly, to calculate B^ and Eg, the late-time
curve should be multiplied by the appropriate apparent resist­
ivity term. Figure 15 illustrates the complete coupling curve 
for the particular three-layer B^ parameters described above.
This curve is now ready to be used for time-domain interpreta­
tion,t
With real numbers for resistivities and thicknesses of. .
layers, an ideal r for interpretation of field work may be
calculated. By equating the early-time multiplier and late-
time first term, an r may be calculated which will make the.
asymptotes most compatible. For example, the early-time
9M__
multiplier for B^ is  ̂ and the late-time first term is
I 4 g5
To . Equating these expressions and solving for r, one
16 TT
gets :
•5 = T .  4 ndeal
® f-o N
This ideal r is not necessarily the best distance for 






It is easily seen in the early-time asymptotes that 
time-domain electromagnetic surveys work best in areas where 
the lower layers are more conductive. The late-time asymptotes 
are all straight lines on a log-log plot. The slope of the 
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This appendix contains a complete set of early-time
asymptotes forJ>5/pl = 0.0 derived from the Fourier cosine
transformation of (w). A computer listing of these data 
may be obtained from Dr. G. V Keller at the Colorado School 
of Mines. A sample set of late-time asymptotes for 
3/n-i = 0.0 is also included.
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